Fully autonomous vehicles provide an opportunity to improve current transportation solutions; both for drivers and for people unable to drive. In this paper we present the preliminary results of a study aiming to understand user needs and expectations for autonomous vehicle interfaces. We found that users expect a different type of information to be fed back to them depending on whether the vehicles are privately owned or shared. The results of this study will be confirmed by further work and contribute to the development of a baseline fully autonomous vehicle user interface.
INTRODUCTION AND RELATED WORK
Autonomous vehicles could provide currently excluded individuals a means of transportation previously unavailable to them [5] . This inclusion is dependent on reducing the dependency of vehicles on manual operation. An inclusively designed user interface is needed -i.e. an interface designed to take into consideration the diverse range of needs of different members of society. Yet, the development of such an interface is still in its infancy.
Levels of vehicle autonomy are classed by the SAE J3016 standard [9] . "Level 5" or "fully autonomous" vehicles do not require any user interaction to operate, even in emergency situations. The user may be out-of-the-loop for the entirety of the journey, allowing for minimal situational awareness and a fully immersive interface if desired [3] . Hence, such vehicles could be designed without traditional manual controls opening up new possibilities in interface design. Users may not need a driving licence or otherwise be unable to drive due to age or capability loss. This level of autonomy is thus the focus of the present study.
One of the earliest studies on Level 5 autonomous vehicle interfaces [2] used a handheld PDA to operate the vehicle. A similar approach is used in most recent projects using the modern equivalents; a smartphone or tablet. Advantages are: enabling control from different seats and different users, low cost and ease of engineering. Disadvantages are: an often simplistic use of visual, auditory and haptic modalities and the lack of adaptability to user's capabilities. However, it is still thought that the first autonomous vehicle interfaces will be touchscreen based [11] .
Fully autonomous vehicles can also be classed as robots; for instance Tscheligi et al. [12] argue that autonomous vehicles meet the definition of autonomous robots. Amanatidis et al. [1] argue that there is a spectrum of autonomy in human-robot interaction which reflects the autonomy of the robot or vehicle. Riener et al. [7] argue that the driving concept is evolving from an individual task to a collaborative task with an in-vehicle agent; to unlock its potential natural interfaces are needed. Perzanowski et al. [6] argue for a multimodal human-robot interface, in a system that provides adjustable autonomy. They found that users prefer a mixture of spoken and gesture controls over on-screen controls. These suggestions could be used in autonomous vehicle interfaces too.
RESEARCH DESIGN
The format of an interview study was selected based on [8, 10] and the aim to yield qualitative information in the following areas: information feedback from the vehicle, interior features, call/order process, payment and control elements. The interview structure consisted of the 3 following parts:
1. Demographics questions.
2. Showing of a YouTube video titled "A First Drive" [4] , in which individuals and couples of different ages use a Google self-driving vehicle prototype. The aim was to elicit responses about impaired or disabled individuals. 3. The main interview, including 8 main questions plus any follow-ups depending on the participants' responses. Sampling: In total 7 participants were interviewed covering all 5 categories of travellers defined in the UK Travellers Needs survey [11] . Sample inclusivity was ensured by a good representation of the Dependent Passenger category (incl. impaired users). One participant was visually impaired and did not hold a driving licence. Age of the participants ranged from 25 to 63 years old with a mean of 40 years old; 4 participants were male and 3 were female.
Analysis: The interviews were anonymised, transcribed and then analysed using the software package Nvivo 11 based on the coding process described by [8] . Nodes were created based on the respondents' answers and the researchers' insights over the interviews. Nodes were coded over all interviews and subsequently analysed for frequency of occurrence and consistency.
FINDINGS AND DISCUSSION
This section presents the key findings and participant quotes resulting from the interview study; see Table 1 for a summary.
 All participants wanted different information feedback depending on if the vehicle is privately owned or shared.
Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Most participants wanted a map to know where they are, the route, arrival time, delays etc. They wanted to check the vehicle was taking the most appropriate route. "I'd want to see a map that showed me where we were and when we were going to get there, like I use on my phone." Int. No 3  Most participants envisaged using exclusively their own devices for productivity and entertainment. Only few wanted entertainment options provided by the vehicle.  Most participants were reluctant to share personal information with vehicles, especially if shared rather than owned. A notable exception was calendar information.  Some participants wanted the ability to make impromptu stops, route and destination changes.  Some participants wanted to know the cost of the journey before agreeing on the ride. The resulting owned/shared dichotomy might lead to different priorities when developing the user interface. If owned, participants cared about the status of their vehicle as in conventional vehicles. Manufacturers might compete on features and quality of the interface in order to lure potential buyers. If shared, the relationship was more transactional. Operators might race to the bottom removing features in order to compete on price per journey and gain market share. Despite differences, almost all participants wished for a screen displaying the navigation information, entertainment or the avatar of an invehicle assistant. Hence the question, how to best satisfy this request? And what form should the assistant take?
FUTURE WORK AND CONCLUSIONS
To confirm and triangulate the preliminary results further work will extend the present study by increasing sample size and introducing more node coders. Moreover, a baseline interface will be developed and tested experimentally in a simulated environment. The aim will be to understand the underlying reasoning for the preferences shown by users and how the interface could be improved.
In conclusion, this study resulted in some novel and interesting findings regarding users' needs and expectations of autonomous vehicle interfaces. The main finding was that users wanted different information to be shared with them depending on if the vehicle was owned or shared. By requiring expert control and lacking the requested in-vehicle agent, current automotive user interface design is insufficient to address the issues described above. Human-robot interaction principles regarding non-expert control could be beneficial to address this goal. Thus, we hope these findings will guide future research in that direction.
